










of the patients in the �aiting list for transplantation	 	 	 	 	 	 	 	 	
of kidney, liver, pancreas, small intestine, heart and	 	 	 	 	 	 	 	
lungs	 is	greatly	 larger	 than	 that	of	 the	 available	do-
nors	�hile	1	people	die	daily	from	end	stage	disease	
�hile	�aiting	 for	 an	 organ1��	The	 average	morbidity	
of	the	patients	in	the	�aiting	list	is	about	,5%2-4��	In	
the	U��S��A��	it is estimated that about �5��� people are	 	 	 	 	 	 	 	
in	the	�aiting	list	and	the	number	of	possible	donors	
ranges	from	6���	to	1���4��
A	big	part	of	 the	people	 that	can	become donors	 	
are	 brain	 dead	 patients	�hose	 vital organs have not	 	 	 	
been	seriously	damaged�� About 1-25% of these pa-	 	 	 	 	
tients	are	 lost	due	 to	 inadequate	 support	of	 the	vital	
functions	 and	 treatment	 of	 the	 alterations	 that	 brain	
death	causes	 to	 the	body3��	The	 refusal	of	 the	 family	
members	to	donate	the	organs	of	their	relative	is	the	
other	major	cause	of	organ	inadequacy��	The	improper	
communication	 bet�een	 the	 medical	 stuff	 and	 the	
family	 for	 the	 understanding	 of	 brain death and the	 	 	 	
importance	of transplantation is the main reason for	 	 	 	 	 	 	
that��
The proper management of the brain dead patient	 	 	 	 	 	 	 	
is very important for the resolution of organ inade-	 	 	 	 	 	 	 	
quacy problem��The role of the doctor involved �ith	 	 	 	 	 	 	 	
intensive	 and	 emergency	 care	 (anesthesiologists,	 in-
tensivists,	 ��� doctors etc�� is crucial because he is	 	 	 	 	 	 	 	
called	to	diagnose	brain	death	in	time	and	to	manage	
the	homeostasis	of	 the	brain	dead	organism	�ithout	
endangering	 the	 vital	 organs�� In order to be able to	 	 	 	 	 	 	
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of	the dysfunctions that brain death causes to various systems and of the measures �hich have to be taken for the viability	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
and	successful	transplantation	of	the	brain	dead	donor’s	vital	organs��	
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cal	conditions��	In	most of the cases the cause of brain	 	 	 	 	 	 	 	
death is trauma and subarachnoid hemorrhage�� Other	 	 	 	 	 	 	
less common causes are endocranial tumors, brain	 	 	 	 	 	 	
ischemia, usually after heart attack, meningitis, en-	 	 	 	 	 	
cephalitis,	 brain	 abscess,	 hypothermia	 and	 intoxica-
tion	by	various	agents	like	cocaine,	lead,	organophos-
phates	and	ecstasy2,3,5,6��	Various alterations in normal	 	 	 	
brain	 function	may	 occur	 before	 declaring	 a	 patient	
brain	dead��	
The common pathophysiological mechanism of	 	 	 	 	
brain death in all of the above conditions is the rap-	 	 	 	 	 	 	 	 	 	
id increase of the intracranial pressure �hich causes	 	 	 	 	 	 	 	
ischemia	 of	 the	 brain	 stem,	 hemorrhage	 and	 intus-
susception�� In the cases �here the lesion expands su-	 	 	 	 	 	 	 	






torial	herniation of the upper brain structures and com-	 	 	 	 	 	 	
pression	of	the	supratentorial	structures	of	the	central	




medulla	 oblongata	 is	 being	 compressed	 resulting	 in	
ischemia	 and	 displacement��	 In	 this	 stage	 dramatical	
alterations occur in the circulatory and breathing sys-	 	 	 	 	 	 	
tem of the patient due to mobilization of the catechol-	 	 	 	 	 	 	 	 	
amines	in	the	beginning	and	depletion	of	the	catechol-
amine	stores	in	the	end�� The neurological expression	 	 	 	
of	 the	above	is	 the	loss	of	the	brainstem	reflexes,	of	
the	cranial	nerve	function	and	of	thermoregulation2��	
2��2�� Diagnostic criteria of brain death
Very	 fe�	clinical	decisions	affect	 so	greatly	 the	 life	
of	a	patient	and	his	relatives	as	the	diagnosis	of	brain	
death�� The final diagnosis is the confirmation of the	 	 	 	 	 	 	 	 	
definite,	irreversible,	complete	loss of the function of	 	 	 	 	
the	brain	hemispheres	and	the	brainstem�� The validity	 	 	
and	 immediacy	of the diagnosis are very important��	 	 	 	 	 	
�irst	of	all	it must be certain and beyond any doubt��	 	 	 	 	 	 	 	
On the other hand, losing valuable time �hile trying	 	 	 	 	 	 	 	 	
to certify brain death might be critical and create dif-	 	 	 	 	 	 	 	 	
ficulties	in	retaining	the	viability	of	the	organs��
The diagnosis of brain death includes identifica-	 	 	 	 	 	
tion of the cause of coma, confirmation that the coma	 	 	 	 	 	 	 	 	 	
is irreversible, clinical evaluation of the patient and	 	 	 	 	 	 	 	
interpretation	 of	 the	 laboratory	 and	 neuroimaging	
tests	 (Table 1���� The determination of the cause of	 	 	 	 	 	 	 	
coma	is	based	on	the	patient’s history and laboratory	 	 	 	
check that has been done in the emergency department	 	 	 	 	 	 	 	 	
or	 during	 his	 hospitalization	 in	 the	 I�U�� All the re-	 	 	
versible	causes	of	coma	have	to	be	excluded	like	hy-
pothermia,	 hypotension, serious acid-base disorders,	 	 	 	
pharmaceutical	sedation,	neuromascular	blockade and	 	
intoxication	by	alcohol	or	toxic	substances��	The	next	
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systolic	 blood	 pressure	 of	 the	 patient	 must	 be	 over	
��mm�g and the temperature over 32	 	 	 	 	 o���
The	general	reactivity	of	the	patient,	the	presence	
of	 brainstem	 reflexes	 and	 the	 apnea	 test	 are	 the	 pa-
rameters	�hish	 are	 checked	 during	 the	 neurological	
examination��	The patient has to be completely unre-	 	 	 	 	 	
sponsive to verbal or painful stimuli (the presence of	 	 	 	 	 	 	 	 	
decerebration or decortication excludes the diagnosis	 	 	 	 	 	
of	 brain	 death��	 and	no	kind	of	movement	 including	
seizures,	 shivering	 and	 breathing	 efforts	must	 exist��	
The	only	exception	is the movements that are caused	 	 	 	 	 	
by	 spinal	 reflexes	 (Babinski	 reflex	etc���� It is assum-	 	 	
able	 that	 the	 action	 of	 any	 sedative	 medication	 or	
neuromascular	blockade	must	have	been	terminated��	
��egarding	 the	 brain	 stem	 reflexes	 they	 include	 the	
pupillary light reflex, the gag and cough reflex, the	 	 	 	 	 	 	 	 	
oculocephalic	 and	 the	oculovestibular	 reflexes�� Dur-	
ing	the	estimation	of	the	pupillary reflex all the other	 	 	 	 	




the	 oculocephalic	 reflex	 by	 turning	 the	 head	 in	 one	
direction��	Presence	of	intact	reflexes	is expressed by	 	 	
cough	and	movement	of	the	eyes	to�ards	the	opposite	







emia	 and	 hypotension��	 Before the beginning of the	 	 	 	 	
test the P�O	 	
2
	and	the	blood	pressure	of	the	patient	are	










Then	 the	patient	 is	disconnected	 from	 the	ventilator	
and	 1��%	O
2	









Because the diagnosis of brain death is clinical, no	 	 	 	 	 	 	 	 	
laboratory	or	imaging	tests	are	essential��	But	in	cases	










the	�ay	brain	death	is	dealt	�ith�� �idjick after exam-	 	 	
ining data from � countries found many differences	 	 	 	 	 	 	 	
in	the	performance	of	the	apnea	test�� Also in 44% of	 	 	 	 	
the	countries	only	one	doctor	is	needed	to	certify	brain	



















3. THE EFFECTS OF BRAIN DEATH ON  
VARIOUS SYSTEMS AND THEIR  
MANAGEMENT FOR SUCCESSFUL  
TRANSPLANTATION
Loss of cortical and brainstem function results in dis-	 	 	 	 	 	 	 	
order of almost all body systems	 	 	 	 	 11��	Important	hemody-
namic	and	electrolytic	disorders,	deregulation	of	vital	
organ oxygenation and serious metabolic imbalance	 	 	 	 	 	
constitute	a	clinical	situation	�hich	is	very	difficult	to	
be	controlled	and	puts	the	viability	of	transplantable	















tension15,16��	 Ischemia	 of	 the	 midbrain	 activates the	 	
parasympathetic system in the beginning, causing bra-	 	 	 	 	 	
dycardia�� As the compression extents to the pons, the	 	 	 	 	 	 	 	 	
sympathetic	 system	 is	 affected��	The	 affection	of	 the	
sympathetic	 system	occurs	 in	 t�o	phases2��	The	first	
phase	 is	 characterised	by exaggerated activation be-	 	 	
cause of the mobilization of the catecholamine stores	 	 	 	 	 	 	 	
and	 the	 dysfunction	 of	 the	 parasympathetic	 system��	
The	 result	 is	 significant	 hypertension,	 tachycardia,	
rise	of	the	oxygen	demand	and	the	�ork	of	the	myo-
cardium,	 loss	 of	 the	 baroreceptor	 reflexes,	 increase	
of	 the	 peripheral	 systematic	 vascular	 resistance	 and	
hyperthermia4,16-1��	 The	 peripheral	 vasoconstriction	
can	seriously	derange	the perfusion and oxygenation	 	 	 	
of	the	vital	organs	and	threaten	their	viability1���	Dur-
ing	the	second	phase	the	catecholamine	stores deplete	 	
and	 so	 the	activation	of	 the	 sympathetic	 system	 ter-
minates�� The result is peripheral vasodilation and dra-	 	 	 	 	 	 	
matic	decrease	of	the	systematic	resistance	and	cardi-
ac	output2,4,15��	The	hypotension	�hich	follo�s	is	very	
resistant	 to fluid administration because of the very	 	 	 	 	 	 	
big	capacity	of	 the	venous	bed�� Apart from the cha-	 	 	 	
otic	situation	of	the	autonomous	nervous	system	other	
factors	 can	 attribute	 to	 the	 hemodynamic	 instability	
of	 the	brain	dead	I�U	patient��	These factors include	 	 	
the use of diuretics for the control of endocranial hy-	 	 	 	 	 	 	 	 	
pertension, diabetes insipidus, hypnotic and sedative	 	 	 	 	 	
medication and the systematic inflammatory reaction	 	 	 	 	 	
that	 follo�s	brain	death2��	Also	brain	death	has	been	
related �ith direct dysfunction of the systolic and the	 	 	 	 	 	 	 	 	
diastolic phase of both the right and the left ventricle	 	 	 	 	 	 	 	 	 	
in	animal	experimental	models1��	�inally,	dysrythmias	
are	very	frequent	and	especially	bradyarrytmias3��	%	






challenging	task�� �emodynamic monitoring is essen-	 	 	 	
tial	for	the	immediate	diagnosis	of	the	rapid	changes��	
The	application	of	a	central	vein	catheter	is	necessary	
and	 must	 be	 done	 under	 strictly	 aseptic	 conditions	
for	 the	 avoidance	 of	 infections	 that	 can	�orsen	 the	
clinical	 situation	of	 the	patient��	Generally	 the	systo-
lic	blood	pressure	must	be	over	��	mm�g, the mean	 	 	








vation	of	 the	endovascular	volume	as	 it	 shrinks	due	
to	 the	increase	of	 the	peripheral	vein	capacity��	�luid	
administration must be guided by the central venous	 	 	 	 	 	 	 	
pressure�� �hen only abdominal organs are going to	 	 	 	 	 	 	 	
be transplanted, the central vein pressu	 	 	 	 	 re	must	be	be-
t�een		 and	12	mm�g21��	 If	 the	 lungs	�ill be trans-	 	
planted	 the	 central	 venous	 pressure	 must	 be	 under	
mm�g	because	higher	rates	are	connected	�ith	big	
alveolar-arterial	oxygen	differences��
Vasoactive drugs and inotropes are used during	 	 	 	 	 	 	
the	 stage	 of	 serious	 hypotension	 and	 cardiac	 output	




to	 similar	 drugs	 for	 the	 improvement	 of	 renal	 and	
hepatosplachnic	circulation	22,23��	Vasopressin	has	been	
used	 successfully by various investigators for the	 	 	 	 	 	
hemodynamic	 support	 of	 brain	 dead	 patients	 for	 14	
days	�hile	the	American	�ollege	of	�ardiology	sug-
gests	 its	 use	 as	 the	 initial	 support	 for	 every	 cardiac	
donor24��	Also	nor-epinephrine	and adrenaline can be	 	 	 	
used �hen the peripheral resistance is decreased	 	 	 	 	 	 2�	and	
�hen	the systolic function of the heart is unsatisfac-	 	 	 	 	 	 	
tory	dobutamine	can	be	added15��	
The ultrasound monitoring of the heart is neces-	 	 	 	 	 	 	




phy	must	be	done	to	all the patients �ho are older than	 	 	 	 	 	 	
4�	years,	 to	 the	patients	�ho	require	very	big	doses	
of	 inotropes	 and	 to	patients	�ith	predisposition	 fac-
tors	 for	 coronary	 disease2,2��	Also,	 recording	 of	 the	
troponin	I or T value can contribute to early diagnosis	 	 	 	 	 	 	 	 	
of	myocardial	 ischemia	 and	 can	 be	 used	 as	 a	 prog-
nostic	factor	of	possible	cardiac	transplant	rejection15��	
�inally	bradyarrythmias should not be treated �ith at-	 	 	 	 	 	
ropine, since the parasympathetic function is lost, but	 	 	 	 	 	 	 	





of	 successful	 transplantation	 is	 really	 big��	 The	 fact	
that	less	than	2�%	of	brain	dead	patient	become	suc-
cessful	lung	donors	is	indicative	of	the	above2���	Mul-








of	 the	 left	 atrium	 is	 increased��	The	 result	 is	 the	 rise	
of	 the	 pulmonary	 capillary	 pressure	 and	 the	 pulmo-
nary	edema	due	 to	 increased	hydrostatic	pressure	or	
to	 destruction	 of	 the	 pulmonary	 vasculature3���	Also	




Infections	 are	 another	 danger	 for	 the	 final	 out-
come	of	 transplantation�� In �% of the lung donors	 	 	 	 	 	 	
colonization	of	the	tracheobrochial	tree by fungus or	 	 	 	
bacteria	 is	 found	 and	 the	 degree	 of	 inflammation	 is	
directly	 related	�ith	 the	 receiver’s	 survival31��	 Infec-
tion	of	the	donor’s	lung	by	�MV	is	also	a	danger	and	
makes	the	possibility	of	receiver	infection	by	the	virus	
more	probable15��	The	activation of the inflammatory	 	 	 	
reaction and the production of cytokines that brain	 	 	 	 	 	 	 	






creased	 inspiratory	pressure and inadequate positive	 	 	 	
end-expiratory	pressure	(P��P��	have	negative	effect	
on	the	respiratory	system�� In addition the ventilation-	 	 	 	
perfusion	disorders	that	are	caused	by	atelectasis due	 	
to	long	term	ventilation	in	supine	position,	aspiration	
and	 pulmonary	 emboli	 also	 deteriorate	 lung	 func-
tion2,4,15��
All the above not only cause dysfunction of the	 	 	 	 	 	 	 	 	
lungs	and	decrease	the	possibility	of	successful	lung	
transplantation	but	are	 responsible	 for	 the	danger	of	
hypoxemia	as	�ell,	�hich	affects	the	normal	function	
of	all	the	vital	organs��Applying certain measures from	 	 	 	 	
the	I�U	personnel	can increase the likelihood of suc-	 	 	 	 	
cessful	 transplantation��	Gabbay	et	all	concluded	that	
the	implication	of	these	measures	can	transform	34%	
of	unsuitable	lung	donors	to	suitable32��	The goal must	 	 	
be an SpO	 	
2
	value about ��% and PO	 	 	 	
2
	about 6� mm�g��	 	 	
�fforts	 for	 further	 improvement	 can	 finally	 become	







O33��	 If	 it	 is	
possible	the �iO	
2




of	 the	 lungs	 from	 the	 toxic	action	of	oxygen	on	 the	
pulmonary	 tissue	 and	 for	diminishing	as	 far	 as	pos-
sible	the	negative	effects	of	mechanical	ventilation	on	
the	circulatory	system��	Bronchoscopy is essential of	 	 	 	
12	 Aristotle	University	Medical	Journal,	Vol��	35,	Issue	3,	October	2��
clearing the bronchial tree from secretions and open-	 	 	 	 	 	 	
ing	of	the	atelectasic	regions34��	Another	use	of	bron-
choscopy	is	for	taking	samples	and	cultivation	of	mi-









piratory	physiotherapy,	 and	 frequent	 sunction	of	 the	
air�ay	are	very	important4��	The	absence	of	pathologi-
cal	sounds	on	auscultation	is a very good prognostic	 	 	 	 	
marker	of	successful	transplantation3��
3��3��	Endocrine syste�/Metabolis� 
The fact that the brain stem is part of the control mech-	 	 	 	 	 	 	 	 	 	 	
anism of production and secretion of nearly all the	 	 	 	 	 	 	 	 	
human hormones means that the loss of its function	 	 	 	 	 	 	 	 	
is follo�ed by deregulation of the endocrine system	 	 	 	 	 	 	 	
and the metabolism�� A�T�, cortisole, T3, thyroxin	 	 	 	 	 	 	
and	vasopressin	are	significantly	decreased	after	brain	
death2��	 Decreased	 production	 of	 vasopressin is the	 	 	
cause of diabetes insipidus �hich is characterized by	 	 	 	 	 	 	 	
great fluid loss (up to 2lt per hour��, major electrolyte	 	 	 	 	 	 	 	 	 	
disturbances,	especially	hypernatremia,	and	hemody-




emia	is very frequent after brain death and is mainly	 	 	 	 	 	 	 	 	
the	 result	 of	 peripheral	 insulin	 resistance41��	Dangers	
from	raised	blood	sugar	 levels	are	�ater loss due to	 	 	 	
osmotic	diuresis	and	dysfunction	of	the	hormone	pro-




�ormonal affection is directly connected �ith	 	 	 	 	 	
thermoregulation	disturbances��	 Initially hypothermia	 	
and vasoconstriction are observed follo�ed by pe-	 	 	 	 	 	
ripheral	 vasodilation	 and	 hypothermia43��	 Besides	 its	
direct	 relation	�ith	brain	death,	hypothermia	can be	 	
caused	 by	 heat	 loss	 from	 radiation	 and	 conduction��	
The	most	 important	physiologic	effects	of	hypother-
mia	are	decreased	kidney	ability	to	concentrate	urine	
and	 right	 sift	 of	 the	 hemoglobin	 dissociation	 curve	




crine	 system	 involves	 the	 use	 of	 drugs	 �hich	 sub-





iuretic	 function	 and	 lacks	 the	vasoconstrictive	 func-
tion	 of	 normal	 vasopressin44��	 Arginine	 vasopressin,	
besides	treating	diabetes	insipidus,	can	also	contribute	
to	circulatory	stabilization	and	decrease	the	demands	
for	 vasoactive	 drugs	 like	 adrenaline45,46��	 Intravenous	
administration	of	T3	is	also	necessary	as	it	is	related	
�ith	 improved	 cardiac	 output	 and	 better	 peripheral	








�ithin	the	first	month15��	�yperglycemia	must be con-	 	
trolled	�ith	 insulin	administration��	The	dosage	must	
be	 titrated	 in	 order	 to	 achieve	 blood	 glucose	 levels	
bet�een	12�	and	1�mg/ml4��	The	importance	of	me-







Brain death has been histologically proved to be re-	 	 	 	 	 	 	 	
lated �ith immune related and non immune related	 	 	 	 	 	 	 	
renal lesions�� Various researchers have concluded that	 	 	 	 	 	 	
activation	 of	 the	 inflammation	 cascade	 and	 stimula-
tion	of	the	immune	system	are	significant	after	brain	
stem	 necrosis4,4���	 This	 situation	 is	 the	 cause	 of	 de-
layed	activation	of	the	transplant,	transplant	rejection	








diuresis	 the use of diuretics like furosemide and os-	 	 	 	 	 	 	
motic	substances	like	manitol	is	essential5���
3��5��	Liver
Activation of the immune system after brain death	 	 	 	 	 	 	 	
affects	 the	 liver	 just	 like	 it	affects	 the	kidney	and	 is	






affects	 liver microcirculation and the characteristics	 	 	 	 	
of	the	impaired	cells	are	different	from	the	histologi-
cal	 lesions	 caused	 by	 hypotension52-54��	As	 far	 as	 the	
functional	level,	the	liver	is	considered	to	be	very re-	
sistant	to	the	systematic	alterations	of	brain	death	and	
the	 cholerythrine	 and	 transaminase	 levels	 are	 infre-
quently	increased4��
3��6��	Other para�eters of brain death �anage�ent
�oagulopathies	are	very	common	in	brain	dead	organ	
donors��	The	causes	of	these	disorders	are	various��	��e-
lease of plasminogen, fibrinogen, and thromboplastin	 	 	 	 	 	
from	the	damaged	brain	tissue	is	the	most	important	of	
them2��	The	result	is	the	rapid	consumption	of	the	plas-
ma	clotting	 factors��	Other	 causes are the dilution of	 	 	 	 	
platelet concentration due to aggressive fluid admin-	 	 	 	 	 	
istration and hypothermia �hich impairs the adhesion	 	 	 	 	 	 	
ability	of	 the	platelets	 and	 the	 coagulation	 tests	 and	




Also	 administration	 of	 blood	 products	 is	 usually	
needed��	Although	there	are	no	clinical	trials	estimat-
ing	 the	demands	of	 the	brain	dead	patient	 regarding	
hemoglobin	concentration,	the	value	of	gr/dl	is	con-
sidered	to	be	the	transfusion	limit55��	
Because	 of	 the	 serious	 biochemical	 stress	�hich	
follo�s	brain	death	the	basic	metabolic	demands	can	
be	 significantly	 increased�� The liver glycogen stores	 	 	 	 	
are usually depleted �ithin 12 hours and their rene�al	 	 	 	 	 	 	 	 	
is	very	important	for	the	metabolism	and	the	normal	








transplantation��	The universal problem of the smaller	 	 	 	 	 	
number of available organs compared to the number	 	 	 	 	 	 	 	
of the patients �hich can only be treated by transplan-	 	 	 	 	 	 	 	 	
tation yearly can only be faced if the brain dead do-	 	 	 	 	 	 	 	 	 	
nors	are properly managed�� The role of the emergency	 	 	 	 	 	 	 	
donor, of the intensivist during I�U treatment of the	 	 	 	 	 	 	 	 	
patient	and of the anesthesiologist during the periop-	 	 	 	 	 	
erative period of transplantation is extremely impor-	 	 	 	 	 	
tant	because	their	interventions	�ill	greatly	affect	the	
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